Introduction {#Sec1}
============

Digital learning games are instructional tools that can both engage students and promote learning \[[@CR20]\]; however, students may be distracted from learning by the engaging game features \[[@CR23]\]. To help students stay on track, modern learning games often incorporate learning-oriented mechanics such as collaborative problem-solving \[[@CR50]\], instructional feedback \[[@CR35]\] or open learner models \[[@CR15]\]. More generally, several frameworks on how to design game features that optimize learning have been proposed \[[@CR14], [@CR26], [@CR27]\].

On the other hand, an implicit expectation in digital learning games is that students' enjoyment can serve as a catalyst for their learning motivation and is positively correlated with learning outcomes \[[@CR2], [@CR19], [@CR30]\]. Given this expectation, it would be interesting to compare the effects of an enjoyment-focused game environment with those of a learning-focused one, provided that the enjoyment-inducing features are also strongly tied to learning and not just superficial game activities. To our knowledge, only a handful of prior studies have explicitly compared the learning and enjoyment constructs in the same game context. For example, \[[@CR17]\] manipulated how undergraduate students perceived the same multimedia environment as either a learning module or a game, and found that the learning group demonstrated deeper learning while reporting the same level of motivation as the game group. On the other hand, the game group performed better than the learning group when instructional feedback was included in both conditions, implying that a game environment can be helpful if it promotes active learning. Another study by \[[@CR52]\] adopted a similar strategy with high school students and found that enjoyment is not affected by playful or serious framing. However, rather than manipulating only the students' a priori perspective of the game as these prior studies did, we believe a more authentic comparison should take place during students' actual gameplay, with different game mechanics designed to emphasize either the learning or enjoyment aspect of the game.

In our work, we explored this idea in the context of *Decimal Point*, a math learning game for middle school students. Our study compared the learning and enjoyment-focused features through three conditions: one that displays the student's current level across different decimal skills and encourages more playing of the mini-games they are weakest at (Learning Condition - LC), one that displays the student's current enjoyment and encourages more playing of the mini-games they enjoy the most (Enjoyment Condition - EC), and one that does not show any learning- or enjoyment-related information (Control Condition - CC). Our research questions are as follows.**RQ1**: *Is there a difference in learning outcomes among students in the three conditions?* As the LC design is essentially an open learner model \[[@CR7], [@CR10]\], which allows students to see their skill performance and helps regulate their learning, we hypothesized that LC students would achieve the highest learning outcome.**RQ2**: *Is there a difference in self*-*reported enjoyment among students in the three conditions?* Given the emphasis on students playing their most enjoyed mini-games, we hypothesized that the EC group would report the highest enjoyment scores.**RQ3**: *Is there a difference in learning outcomes between male and female students?* Given past research showing that females tend to learn more from digital learning games than males \[[@CR28], [@CR32]\], we hypothesized that female students would have better learning outcomes than males in our game across all three conditions.**RQ4**: *Is there a difference in self*-*reported enjoyment between male and female students?* Prior research has suggested that males are typically drawn to video game features such as competition \[[@CR4]\], achievement \[[@CR41]\] and social interaction \[[@CR22]\], whereas females tend to prefer engaging with familiar characters in a fantasy setting \[[@CR49]\], which aligns more closely with our game environment. Therefore, we hypothesized that females would report higher enjoyment than males across all three conditions.

The Digital Learning Game *Decimal Point* {#Sec2}
=========================================

*Decimal Point* is a web-based single-player digital learning game that helps middle-school students learn about decimal numbers and their operations. The game features an amusement park metaphor (Fig. [1](#Fig1){ref-type="fig"}) with 8 theme areas and 24 mini-games that target common decimal misconceptions \[[@CR25]\]. Each mini-game also exercises one of the following decimal skills:Fig. 1.The main game map where students can select among 24 mini-games to play (left), and an example mini-game in the *Sorting* skill category (right). *Number Line* - locate the position of a decimal number on the number line.*Addition* - add two decimals by entering the carry digits and the sum.*Sequence* - fill in the next two numbers of a sequence of decimal numbers.*Bucket* - compare given decimals to a threshold number and place each decimal in a "less than" or "greater than" bucket.*Sorting* - sort a list of decimal numbers in ascending or descending order.

An initial study of *Decimal Point*, where students had to play all mini-games in a canonical order, showed that the game yielded more learning and enjoyment than a conventional tutor with the same instructional content \[[@CR33]\]. Subsequent studies have integrated the element of agency into the game, by allowing students to select which mini-games to play and when to stop \[[@CR24], [@CR36]\]. Students who were provided agency acquired equivalent learning gains in less time than those who were not, suggesting that they could self-regulate effectively. Furthermore, a post hoc analysis by \[[@CR51]\] reported that certain mini-game sequences which are indicative of students' exercise of agency led to higher self-reported enjoyment than others. However, no effect of agency or other game elements on test performance has been observed so far.

In addition, given an earlier finding that females benefited more from the *Decimal Point* game than males \[[@CR32]\], we are interested in further analyses of the gender differences. As agency and learning/enjoyment-focused mechanics are integrated into the game, would the findings from \[[@CR32]\] still hold? If a gender effect was present, which factors in the game would likely cause this effect?

Method {#Sec3}
======

Participants and Design {#Sec4}
-----------------------

196 fifth and sixth grade students in two public schools in a mid-sized U.S. city participated in our study, which was conducted during students' regular class time and lasted six days. The materials included a pretest, game play, evaluation questionnaire and posttest on the first five days, followed by a delayed posttest one week later. After the study, 35 students were removed from our analyses due to not finishing all the materials. Using the outlier criteria from a prior study in *Decimal Point* \[[@CR36]\], we excluded two students whose gain scores from pretest to posttest were 2.5 standard deviations away from the mean. Thus, our final sample included 159 students (82 males, 77 females). Each student was randomly assigned to one of three conditions: Control (CC), Enjoyment (EC) or Learning (LC). In each condition, students could (1) select the mini-games to play in any order, and (2) choose to stop playing any time after completing at least 24 rounds. Additionally, each condition features a different dashboard attached to the main game map shown in Fig. [1](#Fig1){ref-type="fig"}. After finishing each mini-game, students were taken back to the main map, where they could see the updated dashboard and make their next mini-game selection.Fig. 2.The dashboards shown along the game map in the Control (a), Enjoyment (b) and Learning (c) condition. The skills in the Enjoyment condition are renamed to appear more playful, e.g., *Addition* becomes *Mad Adder*.

In the CC group (30 males, 20 females), students played two rounds of mini-game per selection (i.e., they played each selected mini-game twice, with different content but the same mechanics). The dashboard listed the mini-games and their corresponding skills, where the completed ones were highlighted in red (Fig. [2](#Fig2){ref-type="fig"}a). After finishing the first two rounds of all 24 mini-games, students had the option to play another round of each. This condition is equivalent to the High Agency condition in \[[@CR24]\] and \[[@CR36]\].

In the EC group (29 males, 25 females), students played one round of mini-game per selection. After each mini-game round, students were asked to rate their enjoyment of that mini-game, on a scale from 1 ("not fun") to 5 ("crazy fun"). The dashboard showed the student's enjoyment rating of each skill, which was averaged over all the mini-game ratings in that skill category so far (Fig. [2](#Fig2){ref-type="fig"}b). After the first three rounds, the dashboard would also recommend three mini-games to play next, chosen randomly from the two skills with the highest enjoyment; the student could follow this recommendation or make their own choice. Unlike in CC, EC students could play more rounds of a mini-game any time, without having to complete other mini-games at least once.

In the LC group (23 males, 32 females), students played one round of mini-game per selection. The dashboard showed the game's estimates of the student's mastery of each skill, from 0% to 100% (Fig. [2](#Fig2){ref-type="fig"}c), based on Bayesian Knowledge Tracing (BKT) \[[@CR53]\]. We set the initial BKT parameters as p(L~0~) = 0.4, p(T) = 0.05, p(S) = p(G) = 0.299 \[[@CR3]\]. After the first three rounds, the dashboard would also recommend three mini-games to play next, chosen randomly from the two skills with the lowest mastery; the student could follow this recommendation or make their own choice. Similar to those in EC, LC students could play more rounds of a mini-game any time.

Materials {#Sec5}
---------

A web-based learning environment was used in this study. The materials included three tests, the game conditions outlined above, as well as questionnaire/survey items.

### Pretest, Posttest, and Delayed Posttest: {#FPar1}

Each test consisted of 43 items. Most items are worth one point each, while some multi-part items are worth several points, for a total of 52 points per test. The items were designed to probe for specific decimal misconceptions, and involved either the five decimal skills targeted by the game or conceptual questions (e.g., "is a decimal number that starts with 0 smaller than 0?"). Three test forms (A, B and C) that were isomorphic and positionally counterbalanced across conditions were used. One-way ANOVAs showed no differences in terms of performance among the three versions of the test at pretest, *F*(2, 156) = 0.480, *p* = .620, posttest, *F*(2, 156) = 1.496, *p* = .227, and delayed posttest, *F*(2, 156) = 1.302, *p* = .275.

### Questionnaires and Survey: {#FPar2}

Before and after playing the game, students were given demographic questionnaires and asked to rate several statements on a Likert scale from 1 ("strongly disagree") to 5 ("strongly agree"). These statements pertain to factors such as (1) *multidimensional engagement* (6 questions adapted from \[[@CR6]\] with α = .775 for the affective subscale and α = .540 for the behavioral/cognitive engagement subscale), e.g. "I felt frustrated or annoyed," (2) *game engagement* (5 questions adapted from \[[@CR8]\] with α = .736), e.g., "I lost track of time," and (3) the enjoyment dimension of *achievement emotions* (6 questions adapted from \[[@CR43]\] with α = .891), e.g. "Reflecting on my progress in the game made me happy." In the multidimensional engagement construct, we excluded the behavioral/cognitive engagement subscale from analysis due to its low α value and only reported the results for affective engagement. After the game, students were also asked to reflect on their game play behavior, e.g. "How many mini-games did you play? Why?"

Results {#Sec6}
=======

First, a repeated-measures ANOVA showed a significant difference for all students between pretest and posttest scores, *F*(1, 158) = 132.882, *p* \< .001, as well as between pretest and delayed posttest scores, *F*(1, 158) = 239.414, *p* \< .001. In other words, in all three conditions, students' performance improved after playing the game. Next, we investigated our research questions. Given that gender is not a randomly assigned variable and males tend to outperform females in math performance by the end of elementary school \[[@CR46]\], we did not expect students to be equivalent across genders at pretest. For this reason, we focused our gender analyses on gain scores \[[@CR18]\]. In contrast, because the conditions (CC, LC and EC) were randomly assigned, we expected students to perform equally well on pretest across conditions; therefore, we used analyses of covariance (ANCOVA) to assess condition effects on posttest and delayed posttest.Table 1.Test performance and self-reported enjoyment scores by condition.CategoryCCECLCPretest scores M (*SD*)26.68 (8.89)24.76 (9.55)23.09 (9.65)Posttest scores M (*SD*)32.12 (8.01)29.76 (10.25)28.42 (11.31)Delayed posttest scores M (*SD*)32.84 (8.90)31.74 (10.12)30.05 (10.06)Achievement emotion M (*SD*)3.46 (1.02)3.49 (0.88)3.55 (0.94)Game engagement M (*SD*)3.00 (0.90)3.14 (0.98)3.18 (0.80)Affective engagement M (*SD*)3.66 (0.94)3.42 (1.04)3.58 (0.85)

**RQ1**: *Is there a difference in learning outcomes among students in the three conditions?* Descriptive statistics about students' test scores in each condition are included in Table [1](#Tab1){ref-type="table"}. From a one-way ANOVA, we observed no significant differences across conditions in pretest scores, *F*(2, 156) = 1.915, *p* = .151. With pretest scores as covariates, an ANCOVA showed no significant condition differences in posttest scores, *F*(2, 155) = 0.201, *p* = .818, or delayed posttest scores, *F*(2, 155) = 0.143, *p* = .867.

Following \[[@CR34]\], learning efficiency was calculated for each student as the z-score of their pre-post or pre-delayed learning gains minus the z-score of total game time. As the learning efficiency data was not normally distributed, we used Kruskal-Wallis test and found a significant condition effect on learning efficiency for both posttest, H = 6.30, *p* = .043, and delayed posttest, H = 8.64, *p* = .013. Post hoc (Dunn) comparisons indicated that the EC group had significantly higher learning efficiency than CC, *p* = .013, *d* = 0.28, and delayed learning efficiency, *p* = .003, *d* = 0.33. There were no significant differences between EC and LC (pre-post: *p* = .369, pre-delayed: *p* = .257) or between CC and LC (pre-post: *p* = .466, pre-delayed: *p* = .181). In summary, there was a condition effect on learning efficiency, where EC students learned more efficiently than CC, but not on test performance, so our hypothesis that LC students would learn the most was not confirmed.

**RQ2**: *Is there a difference in self*-*reported enjoyment among students in the three conditions?* Descriptive statistics about students' enjoyment ratings by condition are included in Table [1](#Tab1){ref-type="table"}. Based on one-way ANOVAs, there were no significant differences across conditions in achievement emotions, *F*(2, 156) = 0.118, *p* = .889, game engagement, *F*(2, 156) = 0.597, *p* = .552, or affective engagement, *F*(2, 156) = 0.886, *p* = .414. In other words, there was no condition effect on self-reported enjoyment, so our hypothesis that EC students would report the highest enjoyment was not confirmed.

**RQ3**: *Is there a difference in learning outcomes between male and female students?* Descriptive statistics about students' test scores by gender are included in Table [2](#Tab2){ref-type="table"}. A one-way ANOVA showed no significant gender differences in pretest performance, *F*(1, 157) = 0.534, *p* = .466. A two-way ANOVA testing effects of condition and gender showed a significant main effect of gender on learning gains, *F*(1, 153) = 4.351, *p* = .039, *d* = .33, and delayed learning gains, *F*(1, 153) = 4.431, *p* = .037, *d* = .35, but no significant gender x condition interaction effect on learning gains, *F*(2, 153) = 0.065, *p* = .937, or delayed learning gains, *F*(2, 153) = 0.685, *p* = .506. Therefore, our hypothesis that females learned more than males across all conditions was confirmed. However, there were no significant gender differences in learning efficiency, *F*(1, 157) = 0.259, *p* = .612, or delayed learning efficiency, *F*(1, 157) = 0.301, *p* = .584.

**RQ4**: *Is there a difference in self*-*reported enjoyment between male and female students?* Descriptive statistics about males and females' ratings of the three enjoyment categories are included in Table [2](#Tab2){ref-type="table"}. A two-way ANOVA testing effects of condition and gender revealed no significant main gender effect on achievement emotions, *F*(1, 153) = 0.160, *p* = .690, game engagement, *F*(1, 153) = 1.689, *p* = .196, or affective engagement, *F*(1, 153) = 1.390, *p* = .240. Similarly, there were no significant gender x condition interaction effects on these three constructs: achievement emotions, *F*(2, 153) = 0.390, *p* = .678, game engagement, *F*(2, 153) = 0.345, *p* = .709, and affective engagement, *F*(2, 153) = 0.053, *p* = .948. Thus, our hypothesis that females would enjoy the game more than males was not confirmed.Table 2.Learning gains and self-reported enjoyment scores by gender.CategoryMalesFemalesPretest M (*SD*)25.32 (9.74)24.22 (9.14)Learning gains M (*SD*)4.34 (5.71)6.22 (5.66)Delayed learning gains M (*SD*)5.80 (5.27)7.69 (5.56)Achievement emotion M (*SD*)3.46 (1.04)3.53 (0.83)Game engagement M (*SD*)3.01 (0.92)3.21 (0.85)Affective engagement M (*SD*)3.64 (0.99)3.46 (0.89)

Post Hoc Analyses. {#FPar3}
------------------

We conducted two follow-up analyses to better understand the condition effect on learning efficiency as well as the gender effect on learning gains. In cases where the data is not normally distributed, based on the omnibus test of normality \[[@CR1]\], we employed the Kruskal-Wallis test \[[@CR16]\] instead of ANOVA.

Condition Effect on Learning Efficiency. {#FPar4}
----------------------------------------

We first examined the number of mini-game rounds played in each condition. A Kruskal-Wallis test showed significant differences across conditions in number of rounds, H = 38.08, *p* \< .001. Post hoc (Dunn) comparisons revealed that the CC (*M* = 45.08, *SD* = 18.40) had significantly more rounds than LC (*M* = 33.20, *SD* = 9.86), *p* \< .001, *d* = 0.44, and LC had significantly more rounds than EC (*M* = 26.65, *SD* = 4.59), *p* = .007, *d* = 0.33. Furthermore, a Kruskal-Wallis test showed no significant condition differences in average game time per round, H = 2.50, *p* = .286. Therefore, EC students' higher learning efficiency than CC's could be attributed to their similar test scores but fewer mini-game rounds.

Next, we were interested in how varied the mini-games played in each condition were. For this purpose, we defined a new metric for each student called *replay rate*, which is the number of times a student reselected a mini-game beyond the first try divided by their total number of mini-game selections. A high replay rate (close to 1) indicates that the student played more rounds of certain mini-games, while a low rate (close to 0) points to the student playing fewer rounds of more mini-games (i.e., playing a wider variety of mini-games). As CC students could not replay mini-games until after 48 rounds, their replay behaviors were necessarily different from those in LC and EC, so we focused our comparison on the LC and EC groups. We employed a Kruskal-Wallis test and observed significant differences in replay rates between the LC and EC students, H = 42.41, *p* \< .001; LC students (*M* = 0.44, *SD* = 0.20) had a significantly higher replay rate than EC students (*M* = 0.15, *SD* = 0.17). In other words, LC students tended to replay more rounds of the mini-games they had already played than those in EC. Preliminary analysis of students' reflection on their gameplay behavior revealed a similar picture. Many in the EC group (25/54) and CC group (20/50) mentioned trying out every available mini-game, e.g., "I really wanted to finish the whole map and see all the things filled in with color." On the other hand, fewer LC students (10/55) touched on this idea, while 17 of them instead mentioned the mastery scores as motivation for playing, e.g., "I was trying to get all the decimal category skill bars full."Table 3.Comparison of test performance by gender at each transfer level. The mean difference (*MD*) indicates the mean value of males minus mean value of females.Transfer levelCategoryStatistical resultNearPretest scores*F*(1, 157) = 3.643, *p* = .058, *MD* = 1.399Learning gains*F*(1, 157) = 4.541, *p* = .035, *MD* = −1.166Delayed learning gains*F*(1, 157) = 4.020, *p* = .047, *MD* = −1.030MiddlePretest scores*F*(1, 157) = 4.474, *p* = .036, *MD* = 0.669Learning gains*F*(1, 157) = 4.695, *p* = .032, *MD* = −0.784Delayed learning gains*F*(1, 157) = 2.495, *p* = .116, *MD* = −0.651FarPretest scores*F*(1, 157) = 1.569, *p* = .212, *MD* = −0.948Learning gains*F*(1, 157) = 0.007, *p* = .932, *MD* = 0.047Delayed learning gains*F*(1, 157) = 0.147, *p* = .702, *MD* = −0.226

Gender Effect on Learning Gains. {#FPar5}
--------------------------------

To see where females outperformed males in the tests, we assigned a level of learning transfer to each of the 43 test items: 20 near, 8 middle, 15 far. Following \[[@CR5]\]'s taxonomy of transfer along the learned skill dimension \[[@CR39]\], we classified test items as near transfer if they could be completed using identical procedures to those practiced in the game, middle transfer if they relied on practiced representations but required modification of procedures, and far transfer if they required students to understand underlying principles of practiced problems. For example, based on the sorting game in Fig. [1](#Fig1){ref-type="fig"}, a near transfer problem involves applying the same sorting procedure with new values ("Place the following list of decimals in order, smallest to largest: 0.7, 0, 1.0, 0.35"); a middle transfer problem asks students to apply representations of magnitude using a different procedure ("Which number is closest to 2.8? 2.88888, 2.91, 2.6, or 2.78"), while a far transfer problem tests abstract reasoning about decimal magnitude ("Is a longer decimal number larger than a shorter decimal number?"). Table [3](#Tab3){ref-type="table"} shows the results of one-way ANOVAs comparing pretest scores, learning gains and delayed learning gains between males and females at each transfer level. For the near and middle transfer items, females had lower scores than males at pretest but outperformed males in learning gains and delayed learning gains; however, there were no significant gender differences in performance on far transfer items.

Discussion and Conclusion {#Sec7}
=========================

In this study, we investigated whether emphasizing the learning or enjoyment aspect of a digital learning game would lead to better outcomes, as well as whether males or females would benefit more from the game. We found that the Enjoyment Condition (EC) students played the least number of rounds but had higher learning efficiency than the Control Condition (CC) students. In addition, females gained more decimal knowledge than males in the posttest and delayed posttest across all conditions.

The condition effect on learning efficiency is an interesting extension to the study by \[[@CR24]\], where students in the High Agency conditions (equivalent to our CC) learned more efficiently than those in Low Agency. In our case, since the CC and EC groups had similar test scores and average time per round, the difference in learning efficiency is due to CC students' higher number of rounds, which can be explained by their having to play two rounds per mini-game selection. Focusing on the EC and LC groups' gameplay behavior, we saw that EC students on average played 27 rounds with a replay rate of 0.15, so they chose to stop playing after trying most of the 24 mini-games once. At the same time, LC students had significantly higher number of rounds (33 on average) and replay rates (0.44 on average), indicating that the open learner model was effective in encouraging them to practice for mastery, consistent with prior literature \[[@CR7], [@CR31]\]. On the other hand, we found no significant differences between the LC group's learning efficiency and that of EC or CC, suggesting that replaying the mini-games past a certain point may yield diminishing returns. Our post hoc analysis of this study \[[@CR37]\] revealed that over-practice, which could negatively impact students' learning efficiency \[[@CR13]\], was indeed very common. Therefore, an important enhancement to the open learner model would be to inform students when they have sufficiently practiced one skill and should move on to the next, in order to maximize their learning efficiency.

From the game play perspective, in the CC and EC settings, without the open learner model, students may not have monitored their learning progress \[[@CR9], [@CR54]\] and more likely wanted to explore all the mini-games that were offered. In contrast, LC students could see their skill performance and therefore were potentially more motivated to focus on mastering the skills one by one, as this is the traditional approach in school instruction \[[@CR42]\]. These conjectures are supported by the students' reflections, which indicated that EC students liked to play all the mini-games while LC students wanted to improve their skill masteries. More generally, this finding suggests that in a game environment where students are free to choose between different types of task, showing an open learner model can encourage re-practicing the tasks one at a time (blocked practice), while not showing the model may result in students engaging in more exploration of the different tasks (interleaved practice). As the effects of these two practice modes depend on the instructional domain \[[@CR11], [@CR12], [@CR21], [@CR47]\], game designers should investigate the knowledge content of their game to see which mode is more suitable and, in turn, whether to incorporate an open learner model. In our context, the skills may be sufficiently distinct from one another and each was embedded in a unique interface, so interleaving and blocking, if present, were unlikely to yield differences in learning outcomes. A prior *Decimal Point* analysis similarly reported that students playing the mini-games in different orders still acquired the same knowledge \[[@CR51]\].

From the enjoyment perspective, our EC design did not yield the intended effect of maximizing students' enjoyment and engaging them in the game for a longer time. One potential reason is that, while the EC and LC dashboard had similar structures, students were likely not exposed to this "open enjoyment model" before and did not use it effectively. Alternatively, students may have reported similar enjoyment levels because, despite the different dashboards, they still spent the majority of play time in the actual mini-games, which are identical across conditions. Furthermore, our study was conducted in a real classroom environment, where students had limited time per day to play the game and were aware of the posttests; these factors may have negated the playful atmosphere that the Enjoyment condition was intended to induce \[[@CR40], [@CR44]\] or caused students to not take the enjoyment model as seriously as the learner model.

For the gender effect, we found that females outperformed males in learning gains at the near and middle transfer items, which most closely resemble those practiced in the game. In addition, females did not differ significantly from males in learning gains on far transfer problems. This outcome can be explained by the game's focus on practicing problems, which is typically beneficial for improving procedural knowledge but not necessarily for abstract knowledge or far transfer \[[@CR45], [@CR48]\]. Overall, our findings demonstrate that *Decimal Point* can potentially contribute to bridging the typical gender gap in math education \[[@CR29], [@CR46]\]. In addition, there were no gender differences in self-reported enjoyment, suggesting that *Decimal Point* was equally appealing to both genders. This is a positive outcome and likely results from the variety of mini-game themes and activities (Fig. [1](#Fig1){ref-type="fig"}), which appeal to both genders even if the game does not contain the features that we hypothesized are critical to the male students' enjoyment.

Our findings open up several avenues for future work. From the learning perspective, we could experiment with different skill mappings or model representation \[[@CR7], [@CR38]\] to better observe how students interact with the learner model in *Decimal Point*. From the enjoyment perspective, we plan to implement more in-game measures and survey questions to understand students' perception of game play in the classroom and to optimize enjoyment in *Decimal Point*. Finally, there is potential in further exploration of which game features are conducive to the observed gender effects, and how to extend the game's knowledge content to better support far transfer learning.

In summary, while the learning and enjoyment-focused mechanics in *Decimal Point* had similar impacts on students' outcomes, they yielded two distinct gameplay patterns, one focusing on repeated practice (the Learning Condition) and the other on exploration (the Enjoyment Condition). We also found that females improved in learning from the game more than males. These results in turn lead to the possibility of exploring the effect of emphasizing game-based learning or enjoyment in a classroom environment, as well as the game's potential in bridging the gender gap in math education.
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